Abstract
Introduction 70
Nowadays, with rapidly increasing globalization and energy demands, 
75
Because of the advantages of low capital cost, small size and easy maintenance [13] , 76 Organic Rankine cycle (ORC), which has the same configuration as conventional 77 steam Rankine cycle but uses organic fluid instead of water as working fluid, has been 78 proved to be an effective and promising technology for the low-grade heat recovery.
79
Over the past two decades, a large part of relevant research studies focuses on the 
99
It is also noted that determination and optimization of the ORC system 
122
The turbine design is a critical step in the design of ORC systems since turbine 
152
In the conventional design of the ORC system, the turbine efficiency is a fixed The work consumed by the pump in the process 3 to 4 is expressed by:
209
The heat absorbed in the evaporator in the process 4 to 0 is expressed by:
The work produced by the turbine in the process 0 to 2 is expressed by:
11/41
The heat generated in the condenser in the process 2 to 3 is expressed by:
The net power output of the ORC system is expressed by:
The first law efficiency of the ORC system can be calculated by:
The conditions for the heat source, heat sink and ORC system are summarized in 220 Table 1 . The working conditions are applied to the utilization of geothermal resource 221 with fixed heat source temperature and mass flow rate.
222 Table 1 Working conditions for the heat source, heat sink and cycle parameters 223 
Turbine design

235
The preliminary design of the radial turbine is performed by the mean-line 236 approach, which is on the basis of a one-dimensional assumption that there is a mean 
258
Energy equation:
Equation of state:
260
Velocity triangle: Mass continuity equation:
Energy equation: ; the nozzle solidity is specified as 1.3 according to [47] .
328
Nozzle blade uses the TC-4P blade profile which is a commonly used stator profile in 329 the ORC system and thus the nozzle inlet absolute flow angle 0  can be obtained. 
Optimization method
335
In addition to the other five dimensionless parameters (
rotational speed (ω) should also be optimized since its optimal value varies with 337 operating conditions. In this work, turbine efficiency is specified as the objective are very similar to that of the turbine efficiency as the optimization objective.
341
The six optimized variables are limited by empirical values, as listed in Table 3 . . This value is set to limit the rotor tip clearance losses.
353
• The nozzle outlet Mach number is limited less than 1.5 to lower the supersonic 354 loss at the rotor inlet.
355
• The hub ratio (rotor exit hub to inlet radius ratio, constrained GA is shown in Fig. 5 . The control operators of GA are listed in Table 4 . this work is closer to the original efficiency than the other two kinds of codes.
413
Therefore, the turbine design model is considered to be validated for the coupled 414 modeling of ORC system and its radial-inflow turbine.
415 Table 5 Comparison of developed code with published codes 416 
445
This indicates that smaller pressure ratio and larger mass flow rate enhance the turbine 446 efficiency. In addition, the decreasing rate of turbine efficiency becomes faster when 447 the heat source outlet temperature is greater than 100 ºC, especially for pentane and 448 R245fa. R123 and R365mfc also have this similar trend but the decreasing rate is 449 respectively less intense. This can be explained by the loss distribution shown in Fig.   450 9, which illustrates the variations of five kinds of losses related with the heat source 451 outlet temperature using pentane and R123 as working fluids. Fig. 9 shows that the 452 rotor passage loss has the highest contribution for all the examined working fluids. As efficiency condition are shown in Table 6 . Table 3 Recommended value ranges of the six optimized variables 
550
